Background: Few studies have investigated exposure of hairdressing apprentices to airborne irritants. This study describes exposure levels of apprentices to chemical products used in hairdressing salons in relation with their activity.
Background
Occupational asthma is caused by sensitisation to an agent inhaled in the workplace. Onset of symptoms occurs after repeated exposure to chemicals and allergens in the work environment [1, 2] . However, while many subjects experience exposure to agents that are known or suspected to provoke occupational asthma, only a fraction develop the condition [3, 4] . Hairdressers are exposed to a variety of chemical agents as a result of usage of several hair cosmetic products such as hair dyes, permanent wave solutions and bleaches. Several constituents of hair care products are airway irritants and may induce respiratory conditions, including impairment of the pulmonary function and chronic bronchitis [3, [5] [6] [7] [8] [9] [10] [11] [12] . Hairdressing is described as an occupation at risk of asthma [4, [13] [14] [15] [16] [17] and exposure to persulfate salts is involved in the induction of occupational asthma [3, 16, 18, 19] .
Exposure studies in hairdressing salons are few. Given the variety of chemical substances that are used, some authors have measured tracer agents such as hydrogen peroxide, ammonia, volatile organic compounds (toluene, ethanol, isopropanol, ether, diaminotoluene, phenylenediamine) and carbon dioxide [20] [21] [22] [23] . A 1992 study showed that workplace concentrations of phenylenediamine were below the ACGIH TLV-TWA [20] . Ethanol was used to categorize hairdressing workplace concentrations according to ventilation levels and intensity of technical services [21] . CO 2 concentrations and levels for ammonia and ethanol were found high in absence of mechanical ventilation [22] . Installation of ventilation was shown to reduce measured levels of ethanol, isopropanol, toluene and ammonia [23] .
Hairdressing apprentices experience exposure to the same substances during their training activities. Health studies among apprentices are sparse, however. Variability of the peak expiratory flow was assessed in Florence, Italy, across 10 days and was associated with job tasks, with influences of gender and smoking habits [24] . The prevalence of occupational asthma was 1.7 % among 116 apprentices [25] . Hairdressing apprentices exhibited poorer lung function values than office apprentices [26] . In the framework of a study that aimed to assess how non asthmatic apprentices may develop airway inflammation in the course of their 3 years training, we undertook an exposure study to a selected number of airways irritants that are emitted into the air when using hairdressing products. We measured personal exposures and workplace concentrations during a work shift, with repeated sampling across two (hot and cold) seasons. This paper also describes the tasks that involve contact with such products during hairdressing activities.
Methods
With the collaboration of the administration of a large apprenticeship school in Nancy, north-east of France, we conducted a cross-sectional study in different hairdressing classes during the 2003-2004 and 2004-2005 academic years. This study had two steps. First, all apprentices following the first, second or third year of their training programme during this period were asked to complete, in the classroom, a questionnaire describing their work environment and activities. In a second step, volunteers were asked to participate to exposure measurements while at work in their hairdressing salon. The training programme typically encompasses a period of 3 weeks of practical work in the salon, followed by one week at school for practical and academic classes. Except for specific reasons (such as being fired by the hairdresser or because of resignation) an apprentice works in the same salon until he/ she graduates. Measurements were done during a regular workday, most of the time between Monday and Friday, depending upon agreement of the salon owners. With a view to assess seasonal variations, personal and workplace measurements were repeated over two seasons.
Completion of questionnaires
Questionnaire was designed after review of the literature, observations in several hairdressing salons and visits during the practical training classes in the apprenticeship school. It was validated by the school instructors and the heads of the local and regional hairdressing federations. A pilot study was undertaken during academic year 2002-2003 to check suitability of the questions for the study population.
In addition to retrieving information on personal characteristics, duration of a work shift, spatial organization of the salon and ventilation characteristics, the questionnaire requested the students to describe in detail their activities during a "standard" workday in the salon, "standard" meaning the most recent day with about the average daily number of customers over the last month.
Exposure measurements in salons
Because apprentices have little technical activities during the first year of training, and for schedule availability reasons, volunteers were mostly recruited among second graders. After apprentices declared their willingness to participate in this second stage of the study, authorization to undertake the measurement study was requested from the corresponding hairdressing salon owners or managers. Before returning a signed consent form, all study subjects were given a letter of invitation explaining the aim of the study and providing information on occupational asthma and its prevention. This exposure study involved personal measurements and fixed site monitoring in different salon locations: (i) in the technical space of the customer area (where customers sit during and after applying permanent waving, hair colour or bleaches), (ii) near the hair wash area and (iii) in the 'technical room' (i.e. where chemical mixtures are prepared, a location that is often in a rear part of the salon or in a specific room). Number of sampling locations depended upon the salon spatial characteristics. During air sampling, we collected information on relevant salons' characteristics (salon volume; existence of mechanical ventilation; means of natural ventilation -i.e. number of doors or windows opening directly outside the day measurements were done).
With a few exceptions, all apprentices contributed to two series of personal exposure and fixed site measurements: during the "cold season", from February to April, and during the "hot" season", from April to August. During the measurements, information was retrieved on usage of products that contained the selected study compounds. Among the variety of chemicals used in the hairdressing process, three compounds were chosen after review of the literature: ammonia (NH 3 ), hydrogen peroxide (H 2 O 2 ) and persulfates (H 2 S 2 0 8 ). Hair dyeing formulations belong to three categories [23, 27] used for temporary, semi-permanent and permanent hair colouring. Colours of temporary dyes are readily removable with a single shampoo. The colouring effects of the semi-permanent dyes gradually fade over a period of 4 to 6 weeks, following the levels of hydrogen peroxide, ammonia and artificial colour molecules that have been applied. Permanent hair dyes, also called oxidative hair dyes, contain adjusting agents such ammonia and a stabilised solution of hydrogen peroxide. Oxidative hair dyes are resistant to fading by shampooing [23, 27] . Hair bleaches contain ammonium, sodium and potassium persulfates. The active ingredients are persulfates which are mixed with an oxidant (hydrogen peroxide) just before usage. In order to improve the hair penetration, ammonia releasers such as ammonium chloride or ammonium phosphate are added. Permanent waving chemicals are of two types: alkaline or slightly acidic water solutions. They contain salts of thioglycolic acid and hydrogen peroxide. Like for hair bleaching, ammonia is added to enhance hair penetration [23, 27] . As a result, ammonia and hydrogen peroxide are ingredients of permanent waves, hair dyes and hair bleaching. Persulfates are used in the formulation of bleaching powders. Selection of these three compounds was also decided after a feasibility study, both in one salon and in the apprenticeship school, showing they could be measured with good analytical sensitivity after personal sampling lasting 3 hours and more.
-Air sampling Personal exposure measurements were done during a complete 5 to 8 hours work shift, the apprentices carrying the sampler installed in a rucksack; sampling heads were near the breathing zone. The Harvard Chempass sampler [28] was used during the first year measurements (winter and summer 2004; 8 measurements), when only two compounds were measured (persulfate and ammonia), a portable pump BGI (model 400) providing an air flow of 1.8 l/min in each head. For practical reasons (weight of the BGI pump), Gillian pumps were used the second year (winter and summer 2005), with a 1 l/min airflow for the three compounds. The total weight of the sampling devices was thus reduced, allowing to measure in parallel the three selected compounds. Data drawn with the two pumps were lumped together.
Environmental sampling was done by Gillian pumps with a 1 l/min airflow for the three compounds over the whole study period. Environmental sampling equipments were deposited at the beginning of the apprentice's work shift, in parallel to the personal exposure measurements. All samplers (environmental and personal exposure) were stopped during the lunch break in case it took place out of the salon.
-Chemical analyses methods
For analyses of hydrogen peroxide, quartz fibre filters were impregnated with 210 μl oxisulfate of titanium and quantification was done by colorimetry [29] . Persulfates were sampled on 37 mm Teflon filters of 1 μm pore size and analyses were performed according to the BIA method [30] . Persulfates were determined with a ionchromatograph, Dionex model DX 600, LiChrospher column 100 RP-18 (5 μm, flow of 1 ml/min) with the following eluents: tetrabutylammoniumhydroxide 0.005 mole/l, acid boric 0.0075 mole/l and acetonitril 22%. Ammonia was collected on quartz filter impregnated by H 2 SO 4 , 1.5 mol/l. The analyses used ionchromatography, Dionex, model DX 600, Dionex CS12 column with, as eluents: carbonate/bicarbonate (2.7 milliMole of sodium carbonate, 0.3 milliMole of sodium bicarbonate) at a flow of 1 ml/ min [31] . Detection limits were 0.006 mg/m 3 pation. Three cases were discarded: two because the hairdressing salon was too far, and one because the apprentice had to quit school for health reasons. In addition, three salons could not be visited in the hot season because of schedule constraints, leaving 28 ('cold season') and 25 ('hot season') measurements. Because the hairdressers had limited availability to answer the telephone calls, on average, 12 calls were necessary to obtain a final agreement and set a date for the measurements.
To compare exposures and air concentrations values we used the non parametric paired rank test because distributions were not Gaussian nor log-normal; average workplace concentrations were computed (with 2 to 3 data according to locations) after a check of their similarity. All values lower than the detection limit were set to half the detection limit; 2 (5.1%) of the data were in this case for H 2 O 2 personal exposure values, and none of the NH 3 and persulfates personal exposures values (corresponding figures were respectively 15 (9.6%), 0 (0%) and 2 (1.3%) for H 2 O 2 , NH 3 and persulfates workplace concentrations). To study the influence of salon characteristics on exposures, we used multivariate general linear models where the salon volume, presence of ventilation devices or natural ventilation during the sampling period (i.e. door or windows opened outside) and season were the explanatory variables. Questionnaires data were input with Epidata. Statistical analysis was carried out using the SASstatistical package and Statgraphics.
Results

Study population and work environment
Apprentices were almost all females (table 1). Since most apprentices were in salons for both men and women (one was in men-only and 4 were in women-only facilities), the following results will not differentiate salons according to gender customers. Table 2 , based on questionnaires data, shows the distribution of declared time spent at work according to the training level with, as expected, longer shifts among second and third graders.
There were 3 types of spatial settings: 144 apprentices declared their salon was organized with specific areas (haircut and brushing spot; shampoo spot; technical spot where creams and solutions were prepared) within a single volume; 51 reported different rooms for these activities; and 102 were in a homogeneous single space with no area differentiation. One third of customer spaces and two thirds of technical spaces, when existing, had no ventilation device (fan, air conditioning or other type of venting, like ceiling fan) ( The tasks that are associated with manipulation of chemicals are described in table 4 which exhibits how frequent these tasks are accomplished during a typical day, as reported by questionnaires. Data are split according to training level; corresponding figures for apprentices who volunteered to participate to the exposure measurements are in the last column. Tasks frequencies varied markedly according to training year (all p values after Kruskal-Wallis tests were smaller than 0.03), except for rinsing hair bleaches (p = 0.42). Daily numbers of services using chemicals for permanent waves and of hair colour rinsing are greater, on average, among second year students, while preparing and applying hair colour and hair bleaches is more frequent among third graders.
Exposure measurements
As shown in table 1, apprentices who participated in the exposure study were mostly in their second year of training. Table 5 
Discussion
Although a larger sample for the exposure study population was expected, achieving this objective was difficult for many reasons. First, occupational health is not regarded as of serious concern in this population of teenagers. Appreciation of respiratory diseases prevention was low among apprentices, an observation also made by Wong et al among hairdressing students [32] . Second, many apprentices were reluctant to accept participation because they anticipated refusal or feared rebuttal by their boss. Third, the constraints posed to volunteers and to the hairdressing managers cannot be underestimated, including with respect to the salon costumers. For these reasons, it was not possible to sample participating salons among different categories of facilities (small, large; within commercial malls or in solo), as we had planned. Our experience, however, is that the types of facilities and indoor environments of hairdressing salons do not vary greatly in the Lorraine region. Hence, while this is not a random sample, exposure data can be viewed as indicative of typical values currently found in such facilities.
Questionnaires were designed to obtain descriptive information on apprentices' work conditions in hairdressing salons. In order to minimize recall bias, individual tasks we explored for a typical weekday, to be chosen within the ongoing week; it was frequently the previous work day. We did not attempt to study the busiest day, as Labreche et al did [33] ; however, the number of tasks that are accomplished in our study is in the same order as those they reported. Hair colouring is the task most often practiced among the chemical services, more than permanente waving and hair bleaching. According to Kersemaekers, however, hairdressers tend to overestimate their work load; also, they do not know accurately the type of ventilation in their facility [34] .
While the observed greater personal exposure values, as opposed to H 2 O 2 and NH 3 workplace concentrations, were expected, in accord with the 'personal cloud' concept, we found opposite results for H 2 S 2 O 8 . This may be explained by two reasons. Apprentices were less involved in bleaching than in hair dyeing and permanenting (table  4) because, being a more technical task (both for bleaching mixture preparation and its application), it is more often accomplished by senior hairdressers. Further, workplace air samplers were located in a place deemed representative of the area to be monitored. Hence, in this case of activity imbalance within the salon work team, fixed samplers were liable to be more influenced by the tasks executed by senior hairdressers than by the study apprentice. This was not the case for compounds associated with hair dyes and permanenting, because these tasks were frequently accomplished by apprentices.
Comparison of exposure and concentrations results across the literature should be done with caution because time and space sampling procedures, measurement techniques and methods of analyses are not always comparable.
Other differences across studies may be due to exposure sampling designs and stem from the fact that working conditions may vary across study locations. In the study by Hollund et al., for example, measurements were done during the phase of preparation of the technique, with a view to assess peak concentrations, also taking into account certain parameters of ventilation [23] . We found that more than half of technical areas did not have ventilation systems nor did they open outside (through a door or a window). For the American Society of Heating Refrigerating and Air Conditioning Engineers, ventilation rates in beauty salons should ensure values of 20 cubic feet/ minute/person, and 7.5 cfm/person for barber shops (minimum ventilation rates breathing zone) [35] . Our results for personal exposures to ammonia show maximum values similar to those described by Hollund et al for dyeing and waving (4.4 mg/m 3 , versus 4.5 mg/m 3 during our 'cold period') but Hollund et al found levels up to 10 mg/m 3 during bleaching, in absence of exhaust ventilation. Also, while average exposure values were greater than in our study, workplace ambient concentrations in both studies are close [23] . The study by Leino et al aimed at measuring peak concentrations during the process of dyeing, permanenting and bleaching; it shows values 1.3 times smaller than our maximum personal exposure measurements [27] . Although the 2 minutes spot exposure measurements found by Van der Wal are very high compared to our values, their ambient air measurements are similar to ours [22] . It should be noted that all these results were below the French and Belgium TLVs for ammonia (7 and 14 mg/m 3 , respectively) [36, 37] , the NIOSH TWA-REL for ammonia (18 mg/m 3 ) and the OSHA TWA-PEL (35 mg/m 3 ) [38] .
Average personal exposures to H 2 O 2 in our study are 1.4 times lower than those found by Van der Wal et al during the process of colour rinsing, and 2.8 times lower during bleaching (exposures were 2 minutes spot measurements in the Van der Wal et al study). This study also describes greater exposure figures during waiving (0.14-1.4 mg/m 3 , during 2 minutes spot exposure measurements) [22] . Average air concentrations during a shift, however, are between 2 times lower than our results, respectively in winter and summer [22] . The German BIA designed a hairdressing salon and performed a quasi-experimental study. The sampling site close to the armchair showed a maximum H 2 O 2 value 1.6 times higher than ours in customer salons. Also, the maximum concentrations measured in the hairdressing laboratory were 2.4 times greater than our maximum value in technical areas, during the winter period measurements [30] . French and Belgium TLVs, NIOSH REL TWA, OSHA PEL TWA for H 2 O 2 are 1.5 and 1.4 mg/m 3 , respectively [36] [37] [38] .
Our maxima personal exposure results during summer are 3.8 times greater than the peak values found by Leino et al during mixing of bleaching powder. Our average workplace concentrations are also respectively 6.6 and 21.1 times higher than those found in the small and large salons they studied [27] . These results are worrisome since persulfate salts are important asthma causal agents [3, 16, 18, 19, 27] . On the other hand, results from the BIA study exceed our maxima workplace concentrations [30] . It should be noted, however, that the former stem from short periods measurements, focused in particular when mixtures of hairdressing products were made, while our data correspond to shift averages over all daily activities. To our knowledge, there is no TLV for persulfates as a whole; a persulfate ammonium TLV of 0.1 mg/m 3 has been set by the US ACGIH and in Belgium [37, 39] .
Conclusion
Ventilation is not frequent in the study hairdressing salons. Manipulation of bleaching products, among other chemical substances used in the hairdressing process, yields exposure to airways irritants. Although lower than current occupational limit values, these exposures might be of health significance. These findings suggest that further occupational hygiene progresses may result from a combination of efforts dealing with safer products presentation, improvements in facility ventilation equipment, and information of hairdresser, including young apprentices during their training, as to potential hazards in the workplace. 
